Patients with chronic kidney disease have an increased risk for progression to ESRD. The purpose of this study was to examine factors that predict increased risk for adverse renal outcomes. Cox regression was performed to assess the potential of 38 baseline risk factors to predict the clinical renal composite outcome of 50% or 25-ml/min per 1.73 m 2 GFR decline or ESRD among 1094 black patients with hypertensive nephrosclerosis (GFR 20 to 65 ml/min per 1.73 m 2 ). Patients were trial participants who had been randomly assigned to one of two BP goals and to one of three antihypertensive regimens and followed for a range of 3 to 6.4 yr. In unadjusted and adjusted analyses, baseline proteinuria was consistently associated with an increased risk for adverse renal outcomes, even at low levels of proteinuria. The relationship of proteinuria with adverse renal outcomes also was evident in analyses that were stratified by level of GFR, which itself was associated with adverse renal outcomes but only at levels <40 ml/min. Other factors that were significantly associated with increased renal events after adjustment for baseline GFR, age, and gender, both with and without adjustment for baseline proteinuria, included serum creatinine, urea nitrogen, and phosphorus. In black patients with hypertensive nephrosclerosis, increased proteinuria, reduced GFR, and elevated levels of serum creatinine, urea nitrogen and phosphorus were directly associated with adverse clinical renal events. These findings identify a subset of this high-risk population that might benefit from even more aggressive treatment.
P atients with chronic kidney disease (CKD) are at increased risk for progression to ESRD and for premature cardiovascular disease (CVD) (1-4). The number of individuals who receive renal replacement therapy for ESRD continues to increase and now has reached epidemic proportions (5) . Whereas the estimated prevalence of CKD is similar for black and white individuals (6), the adjusted incidence of ESRD among black individuals is the highest among racial/ ethnic subgroups of the US population and at 988 per million is nearly four times more common than their white counterparts at 254 per million (3) . The magnitude of hypertension-related ESRD among black individuals is highlighted by a nearly sixfold higher incidence than in white individuals; among 20-to 44-yr-olds, the incidence of hypertension-related ESRD in black individuals is Ͼ15 times that of white individuals (3) . Indeed, black race, male gender, hypertension, and hypercreatinemia have been noted as powerful predictors of development of hypertension-related ESRD (7) . The level of proteinuria also has been found to be an especially strong predictor of the rate of progression in a wide range of CKD populations, including black individuals with hypertensive nephrosclerosis (8) . Additional factors that contribute to the more rapid progression from CKD to ESRD among black individuals have not been defined clearly, although higher prevalence of traditional CKD risk factors, worse clinical control of comorbid conditions, socioeconomic factors, and limited access to care may play a role (9 -12) .
Until recently, no prospective trials were designed to reduce the risk for development of ESRD among black individuals with hypertension-related CKD. Results from the African American Study of Hypertension and Kidney Disease (AASK) revealed a significant benefit of initial antihypertensive therapy with an angiotensin-converting enzyme inhibitor, ramipril, in comparison with a dihydropyridine calcium channel blocker, amlodipine, or a ␤ blocker, metoprolol, for reducing clinical composite outcome (50% or 25-ml/min per 1.73 m 2 decline in GFR, ESRD, or death) (13, 14) . The extensive baseline data that were collected in the AASK provide a unique opportunity to identify factors that predict adverse renal outcomes in this understudied high-risk population.
In this setting, we performed a systematic investigation of the relationships between baseline risk factors and subsequent renal events. Because initial proteinuria has been reported consistently to be the single strongest risk factor for subsequent disease progression in CKD cohorts, we also addressed the question of whether relationships that are observed between other potential risk factors and renal events can be accounted for by associations between those risk factors and proteinuria and examined the extent to which these relationships persist after taking into account the level of baseline proteinuria. These analyses should provide useful information that can inform prevention and early treatment strategies that are designed to prevent the progression of CKD.
Materials and Methods

Participants and Study Design
The study design was described previously (13) (14) (15) . Briefly, participants were randomly assigned to a usual mean arterial pressure (MAP) goal of 102 to 107 mmHg or to a lower MAP goal of Ͻ92 mmHg and to treatment with one of three antihypertensive drugs (metoprolol, ramipril, or amlodipine). Participants were self-identified black individuals with hypertension (n ϭ 1094), were aged 18 to 70 yr, had GFR between 20 and 65 ml/min per 1.73 m 2 , and had no other identified causes of renal insufficiency. Exclusion criteria were (1) diastolic BP Ͻ95 mmHg, (2) known history of diabetes (fasting glucose Ͼ140 mg/dl or random glucose Ͼ200 mg/dl), (3) urinary protein-to-creatinine ratio (UP/Cr) Ͼ2.5, (4) accelerated or malignant hypertension within 6 mo, (5) secondary hypertension, (6) evidence of non-BP-related causes of renal disease, (7) serious systemic disease, (8) clinical congestive heart failure, or (9) specific indication for or contraindication to a study drug or study procedure. The institutional review board at each center approved the protocol and procedures. An independent data, safety, and monitoring board also approved and monitored the study. All participants gave written informed consent. Participant enrollment began in February 1995 and ended in September 1998. Follow-up to the end of the study ranged from 3 to 6.4 yr.
Measurement of Baseline and Follow-Up Demographic, Laboratory, and Clinical Data
Baseline information was collected for family history, review of systems, lifestyle habits, education, and family income. A central laboratory measured baseline serum and urinary chemistry levels, and GFR was assessed by 125-iothalamate clearance. Urinary protein excretion was expressed as the UP/Cr from a 24-h urine collection. Three consecutive seated BP were measured using a Hawksley random zero sphygmomanometer after at least 5 min of rest, with the mean of the last two readings recorded (13, 16) . The baseline BP were those that were obtained at the screening visits before randomization. Throughout this report, GFR is expressed after standardization for body surface area in units of ml/min per 1.73 m 2 . Baseline electrocardiograms (ECG)
were obtained and read locally (14) . Abnormal ECG findings were defined in response to the following question: Is the ECG completely normal, yes or no? Left ventricular hypertrophy (LVH) was defined by voltage criteria, V1ϩV5 or V6 Ͼ35 mm, or V5 or V6 Ͼ25 mm.
Outcome Variables
The main outcome variable in this report is a clinical renal composite given by the time from randomization to either (1) a GFR event, defined by a confirmed decline in GFR by either 50% or 25 ml/min per 1.73 m 2 from the mean of two baseline GFR measurements, or (2) occurrence of ESRD. Because censoring of patients who died before reaching ESRD may bias relationships of the renal composite outcome with baseline factors, we conducted parallel analyses using an extended clinical composite outcome defined by the occurrence of either death or the renal end points listed in (1) or (2) .
Statistical Analyses
Before the statistical analyses, the investigators selected the 38 factors that are listed in Table 1 as potential risk factors for investigation. The factors were selected to incorporate a wide range of domains, including initial renal function, BP and CVD, traditional risk factors for CVD, biochemical markers of nutritional status, socioeconomic status, and other biochemistry and behavior factors that have been hypothesized to be associated with renal disease progression. Cox regression analyses were used to relate the two composite outcomes individually with four of these factors: Age, gender, baseline GFR, and baseline proteinuria. Further Cox regressions then were used to relate the composite outcomes individually to each of the remaining 34 baseline factors using two different levels of covariate adjustment: First controlling for baseline GFR, age, and gender and second controlling for proteinuria (expressed as the log UP/Cr) in addition to the first three factors. Subsequently, interaction terms with the randomized treatment groups were added to the Cox models to determine whether the treatment assignments modified the associations of the composite outcomes with the baseline factors. The adjustment for baseline GFR reflects our objective to evaluate the association of the baseline factors with subsequent progression of disease rather than the initial level of GFR. Age and gender also were included as covariates because they are nonmodifiable risk factors and because the interpretation of relationships that involve other factors was believed to be clearer after controlling for these basic demographic characteristics. Separate analyses were performed with and without adjustment for proteinuria to assess whether relationships between specific factors and the composite outcomes persist independent of the level of proteinuria.
Analyses of the renal composite, including GFR events and ESRD, were censored at death, permanent loss to follow-up before the end of the trial (nine patients), or the end of the study (September 2001 for patients in the ramipril and metoprolol groups and 1 yr earlier for patients in the amlodipine group, which was discontinued before the end of the trial on the recommendation of the Data Safety and Monitoring Board [14] ). Analyses of the extended clinical composite including death were censored at permanent loss to follow-up or the end of the study. Because of the presence of nonlinear relationships, segmented linear spline terms were used to provide separate estimates of the hazard ratios (HR) of baseline GFR and serum urea nitrogen below and above their median values. Finally, in addition to the designated baseline factors, each of the Cox regression models controlled for the randomized treatment assignments, and analyses that adjusted for baseline proteinuria also included interaction terms between log UP/Cr and the treatment assignments.
The assumption of proportional hazards in the Cox regression models was checked by consideration of linear interactions between the 38 baseline factors and follow-up time. The P values for the interaction tests exceeded 0.05 (indicating no violation of proportional hazards) for all factors except years with hypertension (P ϭ 0.03) and serum urea nitrogen (P ϭ 0.04). These two marginally significant P values provide only weak evidence for nonproportional hazards given the large number of interactions considered, and estimation of separate HR for the first 2 yr versus later in follow-up did not reveal clinically important differences. Hence, overall HR are presented, assuming proportional hazards throughout the follow-up period. Unless indicated otherwise, two-sided P Ͻ 0.05 is designated as statistically significant, without adjustment for multiple comparisons.
Results
Baseline Clinical Characteristics
The mean age of the participants was 54.6 Ϯ 10.7 yr, and 670 (61%) were male. Average prestudy duration of hypertension was 14. (Table 1) . Baseline proteinuria is stratified at an UP/Cr of 0.22, which corresponds approximately to a 24-h protein excretion of 300 mg/d and divides the two thirds with the lowest proteinuria from the one third with the highest proteinuria, in accordance with the positive skewness of this variable (15) .
Analysis of Risk Predictors for the Renal Composite Outcome (Time to GFR Event or ESRD)
The mean duration of follow-up until GFR event, ESRD, death, or censoring at the end of the study was 3.9 yr (median 4.0 yr). As shown in Table 2 , in univariate analyses, the renal composite outcome was strongly associated with higher baseline urinary protein excretion throughout the full range of proteinuria values (HR 1.59 per two-fold increase; 95% confidence interval [CI] 1.50 to 1.69; P Ͻ 0.001). The renal composite was inversely associated with baseline GFR at lower levels of GFR (HR 1.71 per 5-ml/min per 1.73 m 2 decrease in GFR when GFR was Յ40 ml/min per 1.73 m 2 ; 95% CI 1.53 to 1.90; P Ͻ 0.001). For GFR for values Ͼ40 ml/min, there was a similar trend that did not reach statistical difference (HR 1.07; 95% CI 0.97 to 1.17; P ϭ 0.16). Each 10 yr of age was associated with a 26% reduced risk for adverse renal event (HR 0.74; 95% CI 0.67 to 0.83; P Ͻ 0.001), whereas no significant relationship was observed for gender.
Because the baseline UP/Cr and GFR were strongly predictive of the renal composite outcome, their joint relationship is shown in Figure 1 . Figure 1 shows that the strong overall association of the renal composite with baseline proteinuria persisted after controlling for the level of baseline GFR. At each stratum of GFR, as the UP/Cr ratio increased, so did the risk for the composite renal outcome. The association between the proteinuria category and the log hazard ratio for the renal composite tended to be stronger in the lower GFR strata (interaction P ϭ 0.04). Conversely, in strata that were defined by baseline UP/Cr, as baseline GFR decreased, the risk for the composite renal outcome tended to increase, although the relationship was less consistent in the lowest stratum of UP/Cr (Յ0.08). Table 3 describes the association of the remaining 34 baseline factors with the renal composite while controlling for randomized group, baseline GFR, age, and gender, both with and without adjustment for baseline proteinuria. A total of 15 factors, listed first in Table 3 , reached statistical significance with an unadjusted P Ͻ0.05 for one or both of these analyses. Factors that were significantly associated with an increased risk for the renal composite after adjustment for baseline GFR, age, and gender, both with and without adjustment for baseline proteinuria, included higher serum creatinine, urine urea nitrogen, and serum phosphorus. Paradoxically, a self-reported history of heart disease, evidence of LVH on ECG, or an abnormal ECG were each associated with a reduced risk for the renal composite outcome. Six additional baseline factors were significantly a For continuous variables, the HR indicate the proportional change in risk associated with each increase in the baseline factor by the amount indicated in parentheses. For categorical variables, the HR indicate the proportional change in risk for the presence of the indicated factor versus absence of the factor. Abnormal ECG findings were defined in response to the following question: Is the EKG completely normal, yes or no? LVH was defined by voltage criteria, V1 ϩ V5 or V6 Ͼ35 mm, or V5 or V6 Ͼ25 mm.
b Baseline factors that were significantly associated with the risk for a GFR event or ESRD, both with and without adjustment for baseline proteinuria in addition to age, gender, and baseline GFR.
c Baseline factors that were significantly associated with the risk for a GFR event or ESRD, without but not with adjustment for baseline proteinuria in addition to age, gender, and baseline GFR.
d Baseline factors that were significantly associated with the risk for a GFR event or ESRD, with but not without adjustment for baseline proteinuria in addition to age, gender, and baseline GFR. associated with the renal composite without adjustment but not with adjustment for baseline proteinuria. These included greater body weight, higher serum glucose, higher triglyceride concentration, lower serum albumin, and higher levels of both urine urea nitrogen when Ͼ7.8 and urine sodium. In most cases, the HR of these six factors attenuated substantially toward 1.00 after adjustment for proteinuria. Finally, the risk that was associated with three factors-hematocrit, MAP, and systolic BP-became statistically significant only after adjustment for proteinuria. Figure 2 presents the HR of the renal composite outcomes, with and without death, for the 16 factors with P Ͻ 0.05 for at least one of the analyses in Table 3 plus current smoking, which was positively associated with the renal composite outcome that included death. The hazard ratios are expressed per 1-SD increase in the respective baseline factors, so the sizes of the effects can be compared between factors that are measured in different units. Baseline proteinuria was the strongest predictor of progression for both of the composite outcomes among the factors considered. The paradoxic trends that suggested a reduced rate of renal events among patients with cardiovascular risk factors attenuated and no longer reached statistical significance when death was included in the composite outcome, although the direction of the relationships remained unchanged.
Interactions with Treatment Group
When considered without adjustment for other baseline factors, the association of baseline proteinuria with the renal composite outcome was slightly stronger for patients who were assigned to the usual BP group than the low BP group (HR 1.72 per two-fold increase in UP/Cr in the usual BP group versus 1.41 per two-fold increase in the low BP group; P ϭ 0.001 for interaction). Relationships between the renal composite outcome and drug groups and several other baseline factors also exhibited nominally significant differences between the treatment groups (P Ͻ 0.05), but no consistent pattern that would alter the conclusions of this article emerged (data not shown).
Discussion
This systematic investigation of the baseline variables that were collected in the AASK identified several factors that were predictive of subsequent renal outcomes among black individuals with hypertensive nephrosclerosis. In particular, higher levels of urine protein excretion, elevated serum creatinine, and a lower initial GFR were highly predictive of an increased risk for the composite clinical renal outcome. Importantly, the relationship between proteinuria and renal outcomes was evident in each stratum of baseline GFR. Of note, the strong, graded association between proteinuria and renal outcomes was noted even at very low levels of proteinuria. Previous reports of this association have been in patient populations with higher levels of proteinuria.
The finding of a strong direct association of urinary protein excretion with clinical renal outcomes in our study confirms and expands on previous findings from randomized prospective CKD trials (17, 18) . We also found that the association between rate of renal events and baseline GFR was greater at values below compared with those above 40 ml/min (as did GFR slope; data not shown), suggesting a nonlinear relationship between hypertensive CKD and decline in renal function. This is in contrast to the Modification of Diet in Renal Disease (MDRD) trial, which reported a linear mean GFR decline as renal disease progressed (19) . These contrasting results support heterogeneity in the progression of CKD and/or potential response to therapy by etiology and population examined. Heterogeneity within hypertensive nephrosclerosis was described by Bohle et al. (20) , who identified and characterized three distinct histologic classes: (1) compensated benign, (2) decompensated benign, and (3) malignant. The clinical profile of these histologic classes also differs, with the more severe forms of hypertensive nephrosclerosis occurring at an earlier age. This may help explain, in part, the inverse relationship between age and rate of adverse renal outcomes. Alternatively, for any given level of baseline GFR, increased age may serve as a surrogate for a slower rate of disease progression; as for the older patients, renal disease may have progressed over a longer period to reach the same GFR.
Although CKD generally is associated with an increase in CVD events, in the AASK cohort, baseline LVH, abnormal ECG, and history of heart disease each were unexpectedly associated with a reduced risk for clinical renal outcomes. By contrast, previous cross-sectional studies had reported that the presence of CVD predicted a faster decline of kidney function and earlier need for dialysis (21) , and several studies have noted a direct association between increased prevalence of LVH and advanced stages of CKD (22, 23) . One potential explanation for this pattern is the occurrence of informative censoring of renal outcomes from the competing risk for death. That is, patients with cardiovascular risk factors may have been more likely to die before the occurrence of renal events, thus distorting the relationship between cardiovascular risk factors and clinical renal outcomes when follow-up time is censored at death. The possibility of informative censoring is suggested by the analyses of the composite renal outcome including death, in which apparent protective effects of the noted cardiovascular risk factors were diminished and no longer statistically significant.
Alternative explanations for our findings include an early expression of reverse epidemiology for CVD that more commonly is seen in patients with ESRD (24) and selection bias (individuals with severe CVD were excluded or did not enroll in the trial). It also is possible that the lower risk for renal events in the patients with higher baseline BP and other cardiovascular risk factors is related to the large reduction in BP levels that was experienced by the large majority of AASK participants, irrespective of their randomized treatment group assignment (25) . Because the reduction in BP during the trial was larger in patients with higher initial BP, it is possible that higher BP levels and associated cardiovascular risk factors at entry identified patients who benefited the most from their participation in the trial, thus reducing their risk for adverse events. Finally, because several analyses were considered for each of a large number of risk factors, it is not unlikely that some associations with P Ͻ 0.05 are spurious positive results from multiple analyses.
It is interesting that cigarette smokers compared with nonsmokers did not predict clinical renal outcomes, in contrast to two cross-sectional studies that linked smoking to CKD progression (26, 27) . A prospective evaluation of 84 patients who had type 2 diabetes and underwent BP control with angiotensin-converting enzyme inhibition noted that both cigarette smoking and increased proteinuria were interrelated predictors of nephropathy progression (28) . Similarly, a multivariate analysis of 53 patients who had essential hypertension and were followed prospectively for 36 mo found that cigarette smoking, the baseline creatinine level, and black ethnicity were the only variables that were associated with faster progression of kidney disease (29) . However, we did note a strong association between smoking and the renal composite outcome when death was included; this finding suggests the possibility of informative censoring.
Anemia is more likely to occur as GFR declines (30) . A lower baseline serum hematocrit was found to be an independent risk for adverse renal events after adjustment for age, gender, and both baseline GFR and proteinuria (P ϭ 0.01), consistent with previous observations (19) , as well as analyses of clinical predictors for morbidity and mortality at initiation of dialysis (31) (32) (33) (34) . Although the precise mechanism(s) whereby anemia might influence progression of kidney disease remains unclear, altered oxygen delivery to the kidney and the heart has been posited as an important contributor (34, 35) .
Although the association of increased serum creatinine and increased renal and other vascular outcomes is well established (1-4,36,37), the finding of elevated baseline creatinine level to predict independently an increase in renal outcome events even after controlling for GFR was somewhat unexpected but may be related to the BP goal intervention. In the MDRD study, serum creatinine concentration was noted to vary independent of GFR as a result of differences in dietary protein intake (affecting creatinine secretion and excretion) and lower BP goal (affecting creatinine secretion) but not class of antihypertensive agents (38) . The association of increased serum phosphorus levels with both clinical renal events and the composite of clinical renal events and death builds on similar recent findings in both ESRD and CKD populations (39, 40) .
Conclusion
Our findings reinforce the observations that proteinuria and baseline GFR are powerful predictors of CKD progression for this high-risk hypertensive nephropathy population (black individuals) that was followed closely for approximately 4 yr. Although proteinuria and estimated GFR are not measured routinely in many clinical settings, they are relatively simple clinical studies to obtain. The finding of significant predictive value for clinical renal events with serum creatinine, hematocrit, and urea nitrogen provide further support for these markers both in creating an overall risk profile and for designing future prospective evaluations of highly specific interventions.
